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[57] ABSTRACT

A bus bar is presented which sandwiches a high capaci-
tance flexible dielectric sheet material between the con-
ductive layers. The high capacitance dielectric sheet is
comprised of a monolayer of multilayer or singie layer
high dielectric (e.g. ceramic) chips or pellets of rela-
tively small area and thickness which are arranged in a
planar array. These high dielectric constant chips are
spaced apart by a small distance. The spaces between
the chips are then filled with a flexible polymer/adhe-
sive to define a cohesive sheet with the polymer binding
the array of high dielectric (e.g. ceramic) chips to-
gether. Next, the opposite planar surfaces of the array
(including the polymer) are electroless plated or elec-
troded by vacuum metal deposition, or sputtering, to
define opposed metallized surfaces. The whole struc-
ture 1s then sandwiched between two conductive layers.

The result 1s a bus bar with a very low characteristic
impedance.

8 Claims, 5 Drawing Sheets
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LOW IMPEDANCE BUS BAR

2

Also as mentioned above, rather than using high
dielectric constant (ceramic) pellets, the discrete high
dielectric monolayer may be comprised of an array of

BACKGROUND OF THE INVENTION multilayer ceramic chips such as those disclosed at

This invention relates generally to a bus bar for
power distribution. More particularly, this invention
relates to a high dielectric constant sheet material sand-

wiched between two conductive layers which defines a
high current laminated bus bar.

FIGS. 4 and 10 in U.S. Pat. No. 4,748,537 and at FIGS.

11-16 in U.S. Pat. No. 4,706,162, all of which are as-

signed to the assignee hereof and incorporated herein
by reference.

The bus bar of this invention improves power distri-

- . . : .10 bution in digital circuits. As mentioned, this bus bar
It will be appreciated that there is an ever increasing . . . . : .

need for a reliable, flexible high dielectric material comprises a high capacitance flexible dielectric layer
. ; > TB AT sandwiched between two conductors. This bus bar con-
which may be used for a variety of applications in elec- . 4 hioh : -+ lenoth

tronic circuitry design and manufacture. Presently struction provides very nigh capacitance per unit lengt
flexible hich dielectric materials of this t .e are manu, resulting in a characteristic impedance on the order of
& P 15 one hundred times less than prior art bus bars. The low

factured by mixing small particles (e.g. 1-3 microns) of
a high dielectric constant matenal into a flexible poly-
meric matrix. Surprisingly, the resultant effective di-
electric constant of the dielectric impregnated polymer
1s relatively low. For example, the dielectric constant of
a Z5U BaTiOs1s in the range of 10,000 to 12,000. How-
ever, when such Barium Titanate is mixed with a flexi-
ble polymer such as polyimide, polyester, polyetheri-
mide and like materals, the effective dielectric constant
realizable is only on the order of 20 to 40 (depending on

20

impedance bus bar of the present invention i1s very ef-
fective in preventing the distribution of electrical noise
to the circuit which the bus bar serves.

The above discussed and other features and advan-
tages of the present invention will be appreciated and
understood by those of ordinary skill in the art from the
following detailed description and drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

_ _ _ _ o 25  Referring now to the drawings, wherein like elements
the loading ratio of the dielectric in the polymer). are numbered alike in the several FIGURES:
_It will b(-:: further apprec%ated that a need exists for FIG. 1 is a perspective view of the high dielectric
high capacitance and low impedance bus bars. Com-  flayihje sheet material of the present invention;
puter systems that use laminar bus bars for power distri- FIG. 2 is a cross-sectional elevation view along the
bution are becoming faster (higher clock frequencies 34 1ine 2—2 of FIG. 1-
and shorter switching rise times), which makes the bus FIG. 3 is a perspective view, similar to FIG. 1, of a
bars more prone to distribute switching noise. Unfortu-  g4ifferent embodiment of the present invention;
nately, such switching noise adversely eftects the over- FIG. 4 is a cross-sectional elevation view along the
all performance of the computer system. Low impe- line 4—4 of FIG. 3
dance bus bars reduce the serious problems associated 35  FIGS. 5A, 5B and 5C are perspective views of alter-
with such switching noise. | native high dielectric constant pellet configurations
SUMMARY OF THE INVENTION twhicl:. may be used in accordance with the present
. invention;
~The above-discussed and other problems and defi- FIG. 6 is a cross-sectional elevation view of still an-
ciencies of the prior art are overcome or alleviated by 49 other embodiment of the present invention utilizing
the high capacitance, low impedance bus bar of the multilayer capacitive elements;
present invention. The bus bar of the present invention *  FIG. 7 is a cross-sectional elevation view similar to
COmpris€s a pair of conductive layers lncorporatlng FIG. 6, Subsequent to metallizatien; and
therebetween a high dielectric constant flexible sheet FIG. 8 is a cross-sectional elevation view similar to
material. In accordance with the present invention, this 45 FIG. 7, and subsequent to additional metallization; and

high capacitance -flexible dielectric material 1s com-
prised of a monolayer of multilayer or single layer high
dielectric constant (e.g. ceramic) chips or pellets of
relatively small area and thickness which are arranged

FIG. 9 is a front perspective view of a bus bar which

uses as its capacitance layer the high dielectric flexible
sheet material of FIG. 1.

DESCRIPTION OF THE PREFERRED

in a planar array. These high dielectric constant chips 50
are spaced apart by a small distance. The spaces be- EMBODIMENT
tween the chips are then filled with a flexible polymer- The present invention relates to a bus bar comprising
/adhesive to define a cohesive sheet with the polymer a pair of conductive layers which sandwich therebe-
binding the array of high dielectric constant (e.g. ce- tween a high dielectric constant flexible polymeric
ramic) chips together. Next, the opposite planar sur- 55 sheet material.
faces of the array (including the polymer) are metallized Referring first to FIGS. 1 and 2, the high dielectric
(e.g. electroless plated or metallized by vacuum deposi- constant flexible polymeric sheet material 1s shown
tion, sputtering, etc.) to define opposed metallized sur- generally at 10. Flexible sheet 10 1s comprised of a mon-
faces. The end result is a relatively flexible high capaci- olayer of high dielectric constant pellets or chips 12
tance dielectric film or sheet material which is drillable, 60 which are of relatively small area and thickness and are
platable, printable, etchable, laminable and reliable. arranged in a planar array. The chips are separated from
In a preferred embodiment, the small high dielectric each other by a small distance to define spaces therebe-
constant chips are cylindrical in shape. However, the tween. The spaces between the chips 12 are filled with
chips may be any other suitable shape including rectan- a suitable polymeric material 14. Polymeric material 14
gular. Also, the high dielectric constant chips may in- 65 will act as a binder to hold the array of high dielectric

clude punches or cut-outs to improve mechanical adhe-

sion between the chips and the polymeric binding mate-
rial.

constant pellets 12 together. Significantly, polymeric
material 14 will contact only the sides of pellets 12 and
will be out of contact with the top and bottom surfaces
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16 and 18 of each pellet 12. This will result in both end
surfaces 16, 18 of high dielectric constant pellets 12 and
end surfaces 20, 22 of polymeric binder 14 being ex-
posed. Next, these opposed and exposed surfaces (com-
prised of surfaces 16 and 20 on the one hand and sur-
faces 18 and 22 on the other hand) of the pellet array
and polymer are metallized to define a thin (e.g. about
10-50 micro inches) metallized layer 24 and 26. These
thin metallized layers 24 and 26 may then be plated up
to higher thicknesses (e.g. about 1-2 mils) by well
known electroplating techniques to define layers 28 and
30. The thin metallized layers may be produced using
any known method including by electroless plating or
by vapor deposition techniques including vacuum depo-
sition, sputtering, etc.

The material used to produce high dielectric constant
pellets 12 may be any suitable high dielectric constant
material and 1s preferably a high dielectric constant
ceramic matenial such as BaTiOj;. In addition, other
known high dielectric ceramic materials may be utilized
including lead magnesium niobate, iron tungsten nio-
bate, etc. It will be appreciated that by “high” dielectric
constant, 1t is meant dielectric constants of over about
10,000. As mentioned, the pellets are relatively small
and are preferably cylindrical in shape having a height
of 0.015” and a diameter of 0.020". If a ceramic is used,
the pellets should be fully sintered prior to being
bonded together by the polymer.

Of course, while cylindrical configurations for the
array of pellets 12 are preferred, any other suitably
shaped high dielectric constant pellet may be used. For
example, 1n FIG. 3, a flexible high capacitance sheet 1s
shown at 32 incorporating an array of rectangularly
shaped pellets 34 in a polymer matrix 36. Also, in FIGS.
SA-5C, square shaped pellets are shown at 38, 39 and 40
respectively which are provided with from two
through eight slots or grooves 42. It will be appreciated
that these grooves or slots will provide a stronger me-
chanical bond between the polymeric binder and the
pellet.

The pellet array 1s impregnated with a suitable poly-
mer which may be a either a flexible thermoplastic or a
flexibilized thermoset (epoxy, polyetherimide, polyes-
ter, etc.) to give the array mechanical strength and
electrical insulating stability with temperature, mois-
ture, solvents, etc. The polymeric material should be a
high temperature (approximately 350° F.) polymer
which is somewhat flexible and has a dielectric constant
of between about 4-9. Preferred materials include
polyetherimides, polyimides, polyesters and epoxies. It
will be appreciated that the flexibility is necessary to
preclude cracking of the sheet under stress.

Preferably, the dielectric sheet is electroless
with copper or nickel.

The resultant sheet material will have an effective
high dielectric constant of better than 1,000, a small
thickness (approximately 0.005"-0.015"), will be flexi-
ble, will be metallized on both sides and will be drillable
and platable.

plated

EXAMPLES

A mathematical analysis can be made to determine
the effective dielectric constant of the combined pellet
array and polymeric matrix.

EXAMPLE 1

For example, using a dielectric sheet as depicted in
FIGS. 1 and 2 which incorporates cylindrical pellets
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measuring 0.020” in diameter by 0.010" in length; and
assuming a sheet of one square inch having a total of
about 2,500 cylinders.

Capacitance of the dielectric sheet i1s determined
using the following formula:

C=eX (€)X {(a/DYX(N)

where

C=total capacitance

e =relative permitivity of the dielectric

€,=permitivity of free space

a=area of electroded part of dielectric

D =distance between two electrodes of dielectric

N=number of dielectric pellets

Assuming that the pellets are made of a Z5U dielec-
tric with a dielectric constant of 15,000, then the capaci-
tance of such an array would be:

€= 15,000

€= 8.85X 10— 12

a=2.827 X 10~ "m?

(1)

D=3%xa0—%m
N=2500
Thus:
-7
C = 15,000 X 8.85 x 10—12 x 2832 X 107 . 54,
3 % 10—¢

or

C = 312 nF/sq.-in. or 312,500 pF/sq. in.

If an X7R dielectric (with a dielectric constant of
4500) 1s utilized, then using the above equation (1), the
capacitance per square inch would be about 93.6 nF/sq.
1.

EXAMPLE 2

If a rectangular ceramic pellet (such as shown in FIG.
3) made from lead magnesium niobate (having a dielec-
tric constant of 17,000) is selected with each pellet hav-
ing surface area dimensions of 0.20"” x0.30"” and 0.015"
in thickness; and with the array of pellets being spaced
apart 0.020”, then, using the same calculations as in
Example 1, the capacitance will be 224 nF/sqg. in.. Al-
ternately, if an internal boundary layer dielectric is
selected with a dielectric constant of approximately
60,000 [such as Srgs4 Bagg) TiO3z+ 10H»0O] then the
effective capacitance per square inch will be equal to
759 n F./sq. 1n.

Still another embodiment of the present invention is
shown in FIGS. 6-8. In this embodiment, rather than
using high dielectric constant pellets of homogeneous
composition, a multilayer capacitive element 44 is uti-
lized. Capacitive element 44 is a known multilayer ce-
ramic chip capacitor (such as disclosed in aforemen-
tioned U.S. Pat. Nos. 4,745,537 and 4,706,162) com-
prised of a plurality of metallized layers 46 with alter-
nating layers being connected to end electrodes 48 and
50. The top and bottom surfaces of multilayer chip 44
includes exposed electrodes 52 and 54 which are also
connected to opposed end electrodes 48 and 50, respec-
tively. Finally, an insulating cap 56 is provided on each
end electrode 48 and 50 to prevent shorting between an
exposed top or bottom electrode 52, 54 and one of the
end electrodes 48 and 50. As in the previously discussed
embodiments of FIGS. 1-4, in this latter embodiment, a

- plurality of multilayer capacitive elements 44 are ar-

ranged in a monolayer array and a suitable polymeric
adhesive 58 1s used to bind the side edges of the multi-
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layer chips 44 together. As shown in FIG. 6, this will
typically result in an undulating surface between the
polymer 58 and each multilayer capacitive element 44.
As shown in FIG. 7, the array can then be electroless
plated with copper, nickel, tin or any other suitable
plating material to define thin metallized outer layers 60
and 62. Of course the undulating surface features may
be eliminated by sufficiently building up the thickness of
the plated electrodes and then grinding or lapping them
to define a planar outer surface as in FIG. 8.

It will be appreciated that the capacitance per unit
area for the FIGS. 6-8 embodiment of the present in-
vention will depend upon the size of the chips, the num-
ber of the chips per unit area, the capacitance of individ-
ual chips and the thickness of the chips.

EXAMPLE 3

As an illustration of the levels of capacitance achiev-
able with the embodiment of FIGS. 6-8, a flexible sheet
of the type shown in FIG. 8 using multilayer capacitive
elements 44 having length dimensions of 0.35", width
dimensions of 0.20” and thickness dimensions of 0.018"
will be discussed. The dielectric used in the capacitive
element 1s a lead magnesium niobate dielectric wherein
capacitance on an average of 1.0 micro F/chip is obtain-
able. Next, assuming a 0.030” gap between chips in the
chip array, there would be 4.4 chips in the y direction
and 3.03 chips in the x direction for a total of 13.33 chips
per square inch or a total capacitance of 13.33 micro
F./sq. in. This 1s compared to the far lower capacitance
obtained from using the embodiment of FIG. 1 (see
Example 1) of 0.312 micro F./sq. in. |

Referring now to FIG. 9 the bus bar of the present
invention 1s shown generally at 78. Bus bar 78 1s com-
prised of two conductive layers 80 and 82 sandwiching
therebetween high capacitance flexible dielectric layer
10. Each conductive layer 80 and 82 includes a plurality
of tabs 84 and 86, respectively, extending outwardly
therefrom. Conductive layers 80 and 82 may be at-

tached to flexible dielectric layer 10 using any known

method such as solder or a suitable conductive adhe-
sive. High capacitance layer 10 has already been de-
scribed in detail above and may be composed of any of

the components shown in FIGS. 1-8. Tabs 84 and 86

3

10
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30

35

extend from conductive layers 80 and 82 and provide a 45

connection with external circuit components. Conduc-
tive layers 80 and 82 can be made of copper, or any
other conductive material.

Prior art laminated bus bars are typically comprised
of a pair of conductors which sandwich a layer of insu-
lating material. Capacitance values are improved by
inserting discrete ceramic capacitors as disclosed 1in, for
example, U.S. Pat. No. 4,436,953, Significantly, the bus
bar of the present invention is greater than one hundred
times more effective (relative to the prior art) in pre-
venting the distribution of electrical noise generated by
switching loads or circuits which the bus bar serves.
For example, typical capacitances per square inch (with
a Z5U dielectric) are in the range of 150 to 260 nF.
Assuming 200 nF per square inch, then the inductance
and capacitance per unit length of the bus bar are
L. =0.00012 H/cm and C=0.197 F/cm. Thus, the char-
acteristic impedance Zo would be about 0.024 OHM

50
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compared to a typical prior art bus bar of equivalent
dimensions which has a characteristic impedance of 3.3.
OHM. In other words the bus bar of the present inven-
tion has an impedance which is about 134 times lower
than the prior art bus bar.

While preferred embodiments have been shown and
described, various modifications and substitutions may
be made thereto without departing from the spirit and
scope of the invention. Accordingly, it 1s to be under-
stood that the present invention has been described by
way of illustrations and not limitation.

What is claimed is:

1. A bus bar comprising:

an array of spaced high dielectric chips arranged in a

~ single layer, each of said chips having side, top and
bottom surfaces and each chip having a dielectric
constant of at least 10,000:;

a flexible polymeric binder between said side surfaces
of said chips and binding said chips to define a
cohesive sheet having opposed first and second
planar surfaces with said top and bottom surfaces

-of said chips being exposed on said respective first
and second surfaces, said binder being selected
from the group consisting of flexible thermoplastic
polymers and flexibilized thermoset polymers;

a first metallized layer on said first planar surface;

a second metallized layer on said second planar sur-
face;

a first conductive layer having at least one first con-
ductive tab extending therefrom, said first conduc-
tive layer being electrically and mechanically con-
nected to said first metallized layer; and

a second conductive layer having at least one second
conductive tab extending therefrom, said second
conductive layer being electrically and mechani-
cally connected to said second metallized layer.

2. The bus bar of claim 1 wherein:

sald chips comprise a sintered ceramic material.

3. The bus bar of claim 2 wherein:

said ceramic material is selected from the group con-

sisting of barium titanate, lead magnesium niobate
or iron tungsten niobate.

4. The bus bar of claim 1 wherein:

sald chips have a shape which is selected from the
group consisting of cylindrical, rectangular or
square.

5. The bus bar of claim 1 including:

at least one groove formed in said chips to enhance
mechanical binding with said polymeric binder.

6. The bus bar of claim 1 wherein:

said chips comprise multilayer capacitive elements
having exposed top and bottom electrodes which
electrically contact respective of said first and sec-
ond metallized layers..

7. The bus bar of claim 1 wherein:

said first and second metallized layers are comprised
of a material selected from the group consisting of
copper, nickel or tin. |

8. The bus bar of claim 1 wherein:

said first and second conductive layers are connected
to said respective first and second metalilized layers -

with solder or conductive adhesive.
» i W i
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